The scalar field endowed with a cosh scalar field potential, behaves exactly in the same way as cold dark matter (CDM) in the region where the scalar field oscillates around its minimum. Also, in the linear regime, the scalar field dark matter (SFDM) hypothesis predicts the same structure formation as the cold dark matter one. This means that CDM and SFDM are equivalent from the cosmological point of view. The free parameters of the SFDM model can be fixed using cosmological observations. In a previous work, we showed by solving the Einstein Klein Gordon equations, that if we use such parameters, the scalar field collapses forming stable objects with a mass around 10 12 M⊙. In the present work we use analytical solutions of the flat and weak field limit of the Einstein-Klein-Gordon equations. With this solutions we show that its scalar field density profile corresponds to a halo with an almost flat central density and that this halo coincides with the CDM model in a large outer region. Such a result could solve the problem of the cusp DM halo in galaxies without extra hypothesis, adding to the viability of the SFDM model. Thus, the SFDM model can be seen as an alternative model to the CDM one, with a self interacting WIMP.
I. INTRODUCTION
The Lambda Cold Dark Matter (ΛCDM) model has recently shown an enormous predictive power. It can explain the structure formation of the Universe, its accelerated expansion, the micro Kelvin fluctuation of the Cosmic Microwave Background Radiation, etc. Nevertheless, some problems of this model with the formation of galaxies have arisen, (Moore [1994] , Burkert [1995] and Tyson et al [1998] ). The CDM paradigm predicts a density profile which corresponds to the Navarro-FrenkWhite (NFW) profile [1997] given by (1) However, this profile seems to have some differences with the observed profiles of LSB galaxies, see Block [2001] . The evidence points to the fact that, in the central regions, galaxies prefer to follow an almost constant density profile. The main difference of both profiles lays in the fact that the NFW is consistent with N-body simulations using CDM, while the constant profile in the central regions is empirical, and it fits better the rotation curves in the central regions of galaxies, but there is no consistent theory of the Universe which could predict its formation.
In this work we show that a flat central profile naturally arises within the scalar field dark matter hypothesis. This adds evidence in favor that the cold dark matter in galaxies can be identified with the scalar field. We work * Electronic address: argelia, tmatosfis.cinvestav.mx, nuneznucleares.unam.mx within the specific context of the so-called 'strong, selfinteracting scalar field dark matter' (SFDM) hypothesis that has recently been developed by several authors, Matos and Ureña-López [2000b] ; Matos and Guzmán [2001, 2001] ; Ureña-López and Matos [2002] ; Alcubierre et al. [2002, 2002, 2003 ] (see also Peebles [2000] ).
The key idea of the SFDM scenario is that the dark matter responsible for structure formation in the Universe is a real scalar field, Φ, minimally coupled to Einstein gravity with self-interaction parameterized by a potential energy of the form (see also Sahni et al, [2000] )
where V 0 and λ are the only two free parameters of the model, κ 0 = 8πG and we employ natural units such that h = c = 1. The effective mass of the scalar field is given by m 2 Φ = κ 0 V 0 λ 2 .
The advantage of the SFDM model is that it is insensitive to initial conditions and the scalar field behaves as CDM once it begins to oscillate around the minimum of its potential. In this case, it can be shown (Matos and Ureña-López [2001, 2000b] ) that the SFDM model is able to reproduce all the successes of the standard ΛCDM model above galactic scales. Furthermore, it predicts a sharp cut-off in the mass power spectrum due to its quadratic nature, thus explaining the observed dearth of dwarf galaxies, in contrast with the possible excess predicted by high resolution N-body simulations with standard CDM Matos and Ureña-López [2001] . Even when there are some attempts to give a solution to these problems inside the CDM paradigm, (Dalal et al [2001] Merrit et al [2001] , and Primack et al [2001, 2002] ), the debate is still open because new observations in galactic centers of Low Surface Brightness (LSB) and dwarf galaxies made by several groups, do not show a clear correspondence with CDM predictions, see Binney et al [2001] , Blais-Ouellette, et al [2001] , Blok et al [2001, 2001] , MacGaugh et al [2001] , Trott et al [2001] , Borriello et al [2001, 2001] , Spekkens et al [2005] , Monaco et al [2005] , Salucci et al [2000, 2001, 2002] and Gentile et al [2005] . In any case, the model presented here can be ruled out or be accepted using these observations. This is the reason why we look for alternative candidates that can explain the structure formation at cosmological level, the observed amount of dwarf galaxies, and the dark matter density profile in the core of galaxies. In the case of the SFDM, the strong self-interaction of the scalar field results in the formation of solitonic objects called 'oscillatons', which have a mass of the order of a galaxy (see for example Ureña-López, [2002] , Ureña-López, Matos and Becerril [2002] and Alcubierre et al [2003] . Also Seidel and Suen [1991, 1994] , Hawley and Choptuik [2000] , and Honda and Choptuik [2001] ). In this work we will show that these profiles contains an almost flat central density profile, i.e., they do not exhibit the cusp density profiles characteristic of the standard CDM hypothesis.
Before starting with the description, we want to underline the fact that the scalar field has no interaction with the rest of the matter, thus, it does not follow the standard lines of reasoning for the particle-like candidates for dark matter. The scalar field was not thermalized, that is, the scalar field forms a Bose condensate, and thus behaves strictly as cold dark matter from the beginning.
The best-fit model to the cosmological data can be deduced from the current densities of dark matter and radiation in the Universe and from the cut-off in the mass power spectrum that constrains the number of dwarf galaxies in clusters. The favored values for the two free parameters of the scalar field potential are found to be, Matos and Ureña-López [2001] :
where m P l ≡ G −1/2 ≈ 10 −5 g is the Planck mass. This implies that the effective mass of the scalar field should be m Φ ≃ 9.1 × 10 −52 m P l = 1.1 × 10 −23 eV.
An important feature of the scalar field potential (2) is that it is renormalizable and exactly quantizable, although it is presently unknown whether it originates from a fundamental quantum field theory, see Halpern et al [1995, 1996] , Ureña-López and Matos [2002] , Brachina, [2001] and Bagnuls and Bervillier [2001] .
Furthermore, the scattering cross section by mass of the scalar particles, σ 2→2 /m Φ , can be constrained from numerical simulations of self-interacting dark matter and avoids high-density dark matter halos, Spergel and Steinhardt [2000] , Wandelt et al [2000] , Firmani et al [2000, 2001] , and Kaplinghat et al [2000] .
This effectively constrains the renormalization scale, Λ Φ , of the scalar field potential to be of the order of the Planck mass, Λ Φ ≃ 1.93m P l = 2.15 × 10 19 GeV, Matos and Ureña-López [2002] . Such a value is indicative of a possible fundamental origin for the scalar field, which in turn suggests that the strongly, self-interacting scalar field dark matter may also have been present during the inflationary epoch Lidsey et al [2002] , Matos and Ureña-López [2002] .
Galaxies have a weak gravitational field. In this way, their space-time is almost flat. The main goal of this work is to study the physics provoking the flatness at the center of the density profiles of the oscillatons. In order to do this, we will suppose first that the space-time of the galaxy is flat. This is a crude approximation but it shows us with great clarity the physics taking place in the oscillatons. In section II we perform the weak field limit to the Einstein-Klein-Gordon (EKG) equations and show that the density profile remains almost flat and regular in the center of the galaxy. In section V we compare our results with numerical simulations using the whole potential (2) in a fully relativistic approach. Finally in section VI we give some conclusions.
II. WEAK FIELD LIMIT EQUATIONS
Let us recall the energy-momentum tensor of a real scalar field Φ endowed with a potential V (Φ) = (1/2)m 2 Φ 2 , it is given by
Within general relativity, the evolution of the scalar and gravitational fields is governed by the coupled EinsteinKlein-Gordon (EKG) equations, this last appearing from the conservation of the energy-momentum tensor
here R αβ is the Ricci tensor,
For simplicity, we consider the non static spherically symmetric case, for which the line element can be written in the form
As usual, in the weak field limit, we suppose the metric to be close to the Minkowski metric η αβ
were |h αβ | ≪ 1, then we will consider an expansion of the functions in the metric of the form
were ǫ is an expansion parameter. We also consider, as is usual in the frame of the weak field limit, that the spatial and time derivatives of the geometric quantities are regarded like
then to first order in ǫ 2 the Ricci tensor components are respectively
On the other hand, the source is computed in the flat space (see Weinberg [1972] ). This is because if we consider the Bianchi identities
in the linearized context, we must neglect the products of the connexions Γ α βρ and the Einstein tensor G αβ which are at least quadratic in ǫ 2 . Then the conservation equation that our linearized energy momentum tensor satisfy is
Actually (14) is the leading term of the Klein-Gordon (KG) equation expansion for the metric perturbations (10). If we expand (7) we obtain to lowest order in ǫ
It is important to emphasize that the relation (11) is also holding for the scalar field derivatives in the weak field limit. It is known that this approximation is the lowest one in the geometric fields but it does not consider small velocities for the sources. This is different from the Newtonian limit where the derivative relation for the scalar field is ∂ r ∼ ǫ∂ t and ∂ t ∼ ǫ∂ r for the geometric fields (see Seidel & Suen [1990] and Guzmán & Ureña-López [2004] ).
Consistently with (14) , that is with T αβ computed in the flat space-time, the right hand side elements in Einstein's equations, are written as
At this time we will introduce the dimensionless quantities
where we note that the bosonic mass m is the natural scale for time and distance. In terms of this new variables the KG equation (15) which is non-coupled to the Einstein equations has the exact general solution of the form
The physical properties of the solution depend on the ratio Ω ≡ ω/m. For Ω < 1 the solution decays exponentially but it is singular at r = 0. On the other hand, Ω > 1 allows for non-singular solutions which vanish at infinity and we will restrict ourselves to this case. We will write the particular solution in the form
where the spatial function is given by
Because of the functional form of the scalar field (19) we introduce the following ansatz for the metric perturbations (10)
In order to solve the Einstein equations in the weak field limit, we do the following approximation. In our case the Einstein equations are a set of non-homogenous differential equations. In the first approximation we can substitute the solution of a lower approximation (the flat case) into the next approximation (with ǫ 2 ) and solve the resulting differential equations. As we will see, this standard approximation work well in our case. In terms of these expressions the Einstein's equations R αβ = κ 0 S αβ finally read
III. FLAT SPACE-TIME For the scenario of galactic formation with the SFDM hypothesis, we assume the following: When the scalar field fluctuations reach the non-linear regime, the scalar field collapses in a different way than the standard CDM. In a normal dust collapse, as for example in CDM, there is in principle nothing to avoid that the dust matter collapses all the time. There is only a radial gravitational force that provokes the collapse, and to stop it, one needs to invoke some virialization phenomenon. In the scalar field paradigm this collapse is different. The energy momentum tensor of the scalar field is
Supposing spherical symmetry, we work with the line element
with µ = µ(r, t) and ν = ν(r, t), being this last function the Newtonian potential. The energy momentum tensor of the scalar field has then the components
and also T . These different components are identified as the energy density ρ Φ , the momentum density P Φ , the radial pressure p r and the angular pressure p ⊥ . The integrated mass is also defined by
The radial and angular pressures are two natural components of the scalar field which stops the collapse, avoiding the cusp density profiles in the centers of the collapsed objects. This is the main difference between the normal dust collapse and the SFDM one. The pressures play an important roll in the SFDM equilibrium. In order to see this, as galaxies are almost flat, the Newtonian approximation should be sufficient to understand them. In this section we will take the flat space-time approximation.
In what follows let us explain why we suspect that the scalar field could be the dark matter in galaxies. There are three main reasons for that.
The first reason for proposing the scalar field as the dark matter in a galaxy is that numerical simulations suggest that the critical mass for the case considered here, using the scalar potential (2), and the parameters (3) and (4) is approximately, Alcubierre et. al. [2002] M crit ≃ 0.1 m
This is a surprising result, the critical mass of the model shown in Matos and Ureña-López [2001, 2000b] is of the order of magnitude of the dark matter content of a standard galactic halo. Observe that the parameters of the model (3) and (4), where fixed using cosmological observations. The surprising result consists in the fact that using the same scalar field for explaining the dark matter at cosmological scales, this scalar field will always collapse with a preferred mass which corresponds to the halo of a real galaxy. Thus, this result is a prediction of the cosmological SFDM model for galaxy formation.
The second reason is that during the linear regime of fluctuations, the scalar field and a dust fluid, like CDM, behave in the same way. The density contrast in CDM and in the SFDM models evolve in exactly the same form and then both models predict the same large scale structure formation in the universe (see Matos and Ureña-López [2001] ). The difference between the CDM and SFDM models begins in the non linear regime of structure formation, thus we will find this differences essentially in their predictions on galaxy formation.
The third reason is the topic of this work. A scalar field object (an oscillaton) contains a flat central density profile, as it seems to be the case in galaxies. In order to see this, we study a massive oscillaton without self-interaction (i.e. with potential V = 2 ), in the Minkowski background (µ ∼ ν ∼ 0). Even though it is not a solution to the Einstein equations as we are neglecting the gravitational force provoked by the scalar field, the solution is analytic and it helps us to understand some features that appear in the non-flat oscillatons.
In a spherically symmetric space-time, the KleinGordon equation η αβ ∂ α ∂ β Φ − dV /dΦ = 0, where η αβ ∂ α ∂ β stands for the DAlambertian, reads
where over-dot denotes ∂/∂t and prime denotes ∂/∂r.
The exact general solution for the scalar field Φ is
where we obtain the dispersion relation k 2 = ω 2 − m 2 Φ . For ω > m Φ the solution is non-singular and vanishes at infinity. We will restrict ourselves to this case. It is more convenient to use trigonometric functions and to write the particular solution in the form
where x = kr. It oscillates in harmonic manner in time. The scalar field spreads over all space, i.e., it is not confined to a finite region, as we are neglecting the gravitational interactions. In Ureña-López, [2002] , and Ureña-López, Matos and Becerril [2002] has been shown that when the gravitational interaction is taken into account, the oscillaton gets confined in a finite region. The analytic expression for the scalar field energy density derived from Eq. (33) is
which oscillates with a frequency 2ωt. Observe that close to the central regions of the object, the density of the oscillaton behaves like
which implies that the density is almost constant in the central regions, i.e. when x → 0 the central density oscillates around a fixed value. Recall that this is an exact solution of the Klein Gordon field equation, so this behaivors arise naturally. On the other hand, the asymptotic behavior when x → ∞, is such that ρ Φ ∼ 1/x 2 , i.e. far away from the center, in this approximation, the flat oscillaton density profile behaves like the isothermal one. Nevertheless, if the gravitational interaction is taken into account, the object must be confined Ureña-López, [2002] , and Ureña-López, Matos and Becerril [2002] and a more realistic profile should change this behavior. Obviously, the mass function oscillates around M ∼ x. In this approximation the integrated mass of the scalar field gives an infinite value.
In order to understand what is happening within the object, observe that the KG equation can be rewritten in a more convenient form in terms of the energy density, as
This last equation has a clear interpretation: Since its form looks like the conservation equation,ρ + ∇ · J = 0, equation (36) represents the conservation of the scalar field energy. It also tells us that there is a scalar field current given by
Observe that the quantity involved in this current is the scalar field momentum density (26). Although the flux of scalar radiation at large distances does not vanish, there is not a net flux of energy, as it can be seen by averaging the scalar current on a period of a scalar oscillation. We also see that the only transformation process is that of the scalar field energy density into the momentum density, and vice versa. For the realistic values (4) this transfer is very small.
In Fig. 1 we show the behavior of the SFDM density profile for a typical galaxy and in Fig. 2 we show the comparison between the NFW, the isothermal and the SFDM density profiles for the same galaxy. Observe that the SFDM and NFW profiles remain very similar up to 100 kpc, then the SFDM profile starts to follow the isothermal one. In the next section we will see that if the gravitational force is taken into account, the oscillaton is more confined (see also Ureña-López, [2002] , Ureña-López, Matos and Becerril [2002] and Alcubierre et al [2003] ). The parameters used in the figures, correspond to a middle size galaxy.
IV. WEAK FIELD LIMIT SOLUTIONS A. Scaling properties
From system (22) we know that the scalar field's maximum amplitude φ(0) = φ 0 √ Ω 2 − 1 could be taken as the expansion parameter ǫ and in this case Ω must be of order 1. Then it is always possible to solve the system (22) ignoring ǫ and replacing φ by its normalized function
Solutionsφ, U 0 , U 2 , V 0 , V 2 of this normalized system depend only of the arbitrary characteristic frequency Ω which modulate the wave length ofφ. On the other hand, for each value of Ω there is a complete family of solutions of the scalar field φ and the metric perturbations h αβ which are related to each other by a scaling transformation characterized by φ 0
In this context the weak field limit condition h αβ ≪ 1 translates into
Here we will introduce a specific notation for the spatial functions of the metric perturbations:
B. Metric perturbations solutions
The spatial functions of the metric perturbations have analytical solutions given by
were Ci is the cosine integral function and C V 01 , C V 02 , C V 22 , and C U01 are integration constants.
C. Weak Field Validity Range
From equation (15) it is evident that, in the limit in which we are working with, the KG equation is decoupled from Einstein equations. Imposing regularity at the origin and asymptotic flatness to the KG solution we have chosen (19) with (20) as our scalar field particular solution where φ 0 and Ω > 1 are still free parameters.
On the other hand at this point we just will impose regularity to the metric perturbations. Regularity at x = 0 requires h rr (x = 0, τ ) = 0 which implies
then for the perturbations, C V 02 and C V 22 are still free integration constants. Now we will describe the asymptotic behavior of this perturbations. Due to U 2 is at least one order of magnitude smaller than U 0 and its value oscillates around zero, it is U 0 which determines the behavior of h rr . The U 0 value starts to oscillate, very near to the origin, around C U01 keeping this behavior asymptotically. Then the asymptotic value of h rr is the finite C U01 value. Contrary to this h tt , due to the logarithm terms in V 0 and V 2 , h tt , is singular at infinity. Thus, the weak field condition (39) is fulfilled only in a finite spatial region around the origin, i.e., due the the approximation the solution is contained in a box, which walls are sufficient far away from the center of the solution. We will say that this is the region where our weak field approximation is valid. Unique solutions for the EKG system will be obtained fixing the φ 0 and Ω parameters and the constants C V 02 and C V 01 within the validity range of the approximation. As it is known the potentials measurement does not have physical sense by themself, then unique solutions will be determined through metric dependent observable quantities. See section (V)
It is important to mention that the width of the validity region, where (39) is fulfilled, depends on Ω and φ 0 . This is because it is the factor φ 2 0 which modulate the perturbations, see (38). What it is not evident until the solutions (40) are observed is that the Ω value, independently from φ 0 , could make the validity range width bigger, this is because in the logarithm argument there is the expression √ Ω 2 − 1, then as Ω is closer to one the logarithm terms rise more slowly.
The order of magnitude for the another parameter φ 0 in the metric perturbations, can be naturally determined from the asymptotic value taken by h rr , which is reached very close to the origin
As Ω is nearly 1 the h rr magnitude is given by φ 0 . It is well known that for week field systems like our Solar System the metric perturbations go like h αβ ∼ 10 −6 . This value restrict our φ 0 to be φ 0 < ∼ 10 −3 .
D. Analytical Solutions vs Numerical Solutions
Analytic solutions φ 0 , h
tt (x) and h (0) tt (x) are shown in Figure 3 . The value of φ 0 is 1 in both plots. As already was noticed the value of Ω characterizes to each family of solutions. Mainly Ω determines the wave length of φ and the increase rate of h tt ; as Ω is closer to 1 this rate is smaller. These characteristics are shown in Figure 3 .
The exact EKG equations in spherical symmetry and with a quadratic potential, were solved numerically in Ureña-López ( [2002] ) and Ureña-López, T. Matos and R. Becerril ( [2002] ) and found the so called oscillatons. In those works boundary conditions are determined by requiring non-singular and asymptotically flat solutions, for which the EKG become an eigenvalue problem. The free eigenvalue is the scalar field's central value φ 1 (x = 0) which labels the particular equilibrium configuration and the fundamental frequency Ω is an output value. In those works it is also noted that weak gravity fields are produced by oscillatons with φ 1 (x = 0) ≪ 1. In Figures  4 and 5 we compare some of these numerical solutions (NS) with the analytical solutions (AS) within a central region. The constant values of the AS are fixed to fit better the NS inside the weak fiel validity range. From this plots we can conclude that our solutions are a very good approximation for the exact EKG equations in the weak field limit being the principal advantage of this approximation the analytical characteristic of the solutions. 
rr (x), h
rr (x),h
tt (x) and h
tt (x) with φ0 = 1; see text for details.
shown that the Scalar Field of the Scalar Field Dark Matter model SFDM is a good candidate to CDM model at cosmological scales and that it collapses forming objects of galactic mas see Alcubierre et al ( [2002] ) and galactic dimensions Guzmán & Ureña-López ( [2003] ). Here we will explore whether this scalar field could account as the galactic DM halos. Specially we will compare the SFDM model density profile and the profiles inferred throughout the rotation curves of galaxies which are mostly formed by DM. Since galaxies are objects whose gravitational field is weak we will work in the weak field approximation of the SFDM model developed in previous sections.
Because we work in the gravitational weak field limit we are assuming that the scalar field is perturbing the Minkowski space-time so weakly that its dynamics is not modified by those perturbations. This fact implies the non confinement of the scalar field. In principle this behavior is contrary to the idea of isolated and bound DM halos, however this approximation is the simplest one; the gravitational effects of the space-time perturbations on the scalar field will be studied in a future work. Also because we are perturbing the flat space-time we are not considering the baryonic matter gravity effects then we expect that our approximation will be better for galaxies with very small baryonic component. The energy-momentum density for the scalar field in this approximation (for the metric perturbations to linear order) is the density computed in the flat space-time.
This is consistent with the fact that gravity does not modify the scalar field behavior. However this approximation in the weak gravitational field limit is very good as we can see in Figs. 6. In those plots we show the energy-momentum density profiles for two scalar fields configurations with different maximum amplitude at the origin φ(0) = φ 0 √ Ω 2 − 1, both in the weak field limit. They are compared with their respective scalar field configurations obtained by solving numerically the complete EKG equations. It is important to notice that as φ(0) decreses the gravitational field gets weaker, and the difference between the density from the complete EKG equations and from our approximation is smaller.
The density profiles fits allow us to obtain an estimation of the parameters at galactic level: the fundamental frequency Ω and the scalar field constant φ 0 . The third parameter involved in the density profiles is the scalar field mass, we will fix it to m = 10 −23 eV. This value was fitted for the SFDM model from cosmological observations in Matos & Ureña-López ( [2001] ).
A. Density Profile fits
The first qualitative feature of profile (43) that we want to emphasize is that in the central region it is non cuspy (see Fig. 6 ). This property is in agreement with central observations of rotation curves for several galaxies (see de Block ( [2001] , [2001] ) and McGaugh ( [2001] )). It is important to take into account that instead of density profiles, rotation curves are the direct observables for galaxies. Nevertheless, for galaxies dominated by DM, their rotation curves could model the DM density profile more trustfully. We choose a subset of galaxies from the set presented in McGaugh ( [2001] ), the common characteristic for the selected galaxies is that the luminous matter velocity contribution to the rotation curves is almost null.
With the scalar field mass m fixed, the profiles fits were made for the Ω and φ 0 values with better χ 2 statistic, see Table I . In most of the cases the non central observational data were the better fitted points, those data also have smaller error bars. The density profiles fits are in Figure. 7 .
In Table I is listed the fundamental frequency Ω for [yr ESO0140040 1 + 8e − 9 1.87e − 3 12.366 0.569e − 1 0.755e − 8 1.60338 ESO0840411 1 + 6e − 9 5.95e − 4 1.338 0.433e − 2 0.147e − 9 1.60395 ESO1200211 1 + 53e − 9 2.04e − 4 10.062 0.448e − 2 0.530e − 9 1.60338 ESO1870510 1 + 12e − 9 3.28e − 4 3.190 0.265e − 1 0.699e − 8 1.60338 ESO2060140 1 + 18e − 9 9.18e − 4 65.421 0.308e − 1 0.206e − 8 1.60338 ESO3020120 1 + 29e − 9 6.88e − 4 16.099 0.279e − 1 0.170e − 8 1.60338 ESO3050090 1 + 40e − 9 4.72e − 4 1.224 0.181e − 1 0.243e − 8 1.60338 ESO4250180 1 + 4e − 9 1.27e − 3 5.221 0.132e − 1 0.105e − 8 1.60338 ESO4880049 1 + 3e − 9 7.86e − 4 11.410 0.377e − 1 0.212e − 8 1.60338 each galaxy. We found that the temporal dependence for the energy-momentum density profile is harmonic with a temporal period T = π/Ω. The column ∆ρ(0) corresponds to the maximum change in the central density for a period of time T . Finally for all the galaxies the φ 0 value is well inside of the weak gravitation field limit φ 0 < ∼ 10 −3 .
VI. CONCLUSIONS AND FUTURE PROSPECTS
We have found analytic solutions for the EKG equations in the weak gravitational field limit at fisrt order in the metric perturbations. With these solutions we have shown that the non trivial local behavior of the scalar field stops the collapse of an object formed from scalar field matter. The scalar field contains non trivial natural effective pressures which stops the collapse and avoid that the centers of these object could have cuspy density profiles. This behavior of the scalar field collapse is in better agreement with the formation of galaxies in the universe than the traditional CDM paradigm. Even for this simple approximation it has been possible to fit, with relative success, the density profiles for some galaxies finding non cuspy profiles. This hypothesis could solve the problem of the cuspy density profiles predicted by CDM in galaxies. Summarizing, the SFDM model is insensitive to initial conditions, it reproduces all the success of ΛCDM at cosmological scale, reproduces the same structure as ΛCDM of the Universe in the linear regime Ureña-López and Matos [2001] ; it predicts that SFDM objects will collapse with a preferred mass of ∼ 10 12 M ⊙ , Alcubierre et. al. [2002] , and now we have shown that objects formed out of the SFDM have an almost constant density profile in the center, which seems to fit better with the observed rotation curves of galaxies made by several groups: Binney et al [2001] , Blais-Ouellette, et al [2001] , Blok et al [2001, 2001] , MacGaugh et al [2001] , Trott et al [2001] , and Salucci et al [2000, 2001, 2002] . All these features of the SFDM model put together allows to consider the model as a robust candidate to be the dark matter of the Universe, as it was suggested by Guzmán and Matos [2000, 2001, 2000a] , and Matos et al [2000b] . Further-more, it has been shown before that dark halos of galaxies could be scalar solitonic objects, even in the presence of baryonic matter, Hu [2000] , Lee [1996] , Arbey [2001] and Sin, [1994] , and Ji an Sin [1994] . Actually, the boson mass estimated in all these different approaches roughly coincides with the value m Φ ∼ 10 −23 eV , even if the later was estimated from a cosmological point of view, Matos and Ureña-López [2001] . It is here where we can appreciate the non-trivial properties of potential (2): Its strong self-interaction provides a reliable cosmological scenario, while it has the desired properties of a quadratic potential at the same time. Along with this, the results presented here fill the gap between the successes at cosmological and galactic levels.
Introduction
In the nucleated instability (also called core instability) hypothesis of giant planet formation, a critical mass for static core envelope protoplanets has been found. Mizuno (1980) determined the critical mass of the core to be about 12 M ⊕ (M ⊕ = 5.975 × 10 27 g is the Earth mass), which is independent of the outer boundary conditions and therefore independent of the location in the solar nebula. This critical value for the core mass corresponds closely to the cores of today's giant planets.
Although no hydrodynamical study has been available many workers conjectured that a collapse or rapid contraction will ensue after accumulating the critical mass. The main motivation for this article is to investigate the stability of the static envelope at the critical mass. With this aim the local, linear stability of static radiative gas spheres is investigated on the basis of Baker's (1966) standard one-zone model. Phenomena similar to the ones described above for giant planet formation have been found in hydrodynamical models concerning star formation where protostellar cores explode (Tscharnuter 1987 , Balluch 1988 , whereas earlier studies found quasisteady collapse flows. The similarities in the (micro)physics, i.e., constitutive relations of protostellar cores and protogiant planets serve as a further motivation for this study. 
Baker's standard one-zone model
In this section the one-zone model of Baker (1966) , originally used to study the Cepheïd pulsation mechanism, will be briefly reviewed. The resulting stability criteria will be rewritten in terms of local state variables, local timescales and constitutive relations. Baker (1966) investigates the stability of thin layers in self-gravitating, spherical gas clouds with the following properties:
-hydrostatic equilibrium, -thermal equilibrium, -energy transport by grey radiation diffusion.
For the one-zone-model Baker obtains necessary conditions for dynamical, secular and vibrational (or pulsational) stability (Eqs. M r mass internal to the radius r m mass of the zone r 0 unperturbed zone radius ρ 0 unperturbed density in the zone T 0 unperturbed temperature in the zone L r0 unperturbed luminosity E th thermal energy of the zone and with the definitions of the local cooling time (see Fig. 1 )
and the local free-fall time
Baker's K and σ 0 have the following form:
where E th ≈ m(P 0 /ρ 0 ) has been used and
is a thermodynamical quantity which is of order 1 and equal to 1 for nonreacting mixtures of classical perfect gases. The physical meaning of σ 0 and K is clearly visible in the equations above. σ 0 represents a frequency of the order one per free-fall time. K is proportional to the ratio of the free-fall time and the cooling time. Substituting into Baker's criteria, using thermodynamic identities and definitions of thermodynamic quantities,
one obtains, after some pages of algebra, the conditions for stability given below:
Send offprint requests to: G. Wuchterl ⋆ Just to show the usage of the elements in the author field ⋆⋆ The university of heaven temporarily does not accept e-mails For a physical discussion of the stability criteria see Baker (1966) or Cox (1980) . We observe that these criteria for dynamical, secular and vibrational stability, respectively, can be factorized into 1. a factor containing local timescales only, 2. a factor containing only constitutive relations and their derivatives.
The first factors, depending on only timescales, are positive by definition. The signs of the left hand sides of the inequalities (6), (7) and (8) therefore depend exclusively on the second factors containing the constitutive relations. Since they depend only on state variables, the stability criteria themselves are functions of the thermodynamic state in the local zone. The one-zone stability can therefore be determined from a simple equation of state, given for example, as a function of density and temperature. Once the microphysics, i.e. the thermodynamics and opacities (see Table 1 ), are specified (in practice by specifying a chemical composition) the one-zone stability can be inferred if the thermodynamic state is specified. The zone -or in other words the layer -will be stable or unstable in whatever object it is imbedded as long as it satisfies the one-zone-model assumptions. Only the specific growth rates (depending upon the time scales) will be different for layers in different objects.
We will now write down the sign (and therefore stability) determining parts of the left-hand sides of the inequalities (6), (7) and (8) and thereby obtain stability equations of state.
The sign determining part of inequality (6) is 3Γ 1 − 4 and it reduces to the criterion for dynamical stability
Stability of the thermodynamical equilibrium demands
and
holds for a wide range of physical situations. With
we find the sign determining terms in inequalities (7) and (8) respectively and obtain the following form of the criteria for dynamical, secular and vibrational stability, respectively:
The constitutive relations are to be evaluated for the unperturbed thermodynamic state (say (ρ 0 , T 0 )) of the zone. We see that the one-zone stability of the layer depends only on the constitutive relations Γ 1 , ∇ ad , χ T , χ ρ , κ P , κ T . These depend only on the unperturbed thermodynamical state of the layer. Therefore the above relations define the one-zone-stability equations of state S dyn , S sec and S vib . See Fig. 2 for a picture of S vib . Regions of secular instability are listed in Table 1 . 
Conclusions
1. The conditions for the stability of static, radiative layers in gas spheres, as described by Baker's (1966) standard one-zone model, can be expressed as stability equations of state. These stability equations of state depend only on the local thermodynamic state of the layer. 2. If the constitutive relations -equations of state and Rosseland mean opacities -are specified, the stability equations of state can be evaluated without specifying properties of the layer. 3. For solar composition gas the κ-mechanism is working in the regions of the ice and dust features in the opacities, the H 2 dissociation and the combined H, first He ionization zone, as indicated by vibrational instability. These regions of instability are much larger in extent and degree of instability than the second He ionization zone that drives the Cepheïd pulsations. 
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